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MANY QUANTITIES IN ENGINEERINGCAN BE EXPRESSED AS
SCALARS OR VECTORI

SCALAR QUANTITY VECTOR QUANTITY
HAS ONLY MAGNITUDE HAS BOTHMAGNITUDEAND DIRECTION

DISTANCE DISPLACEMENT
SPEED VELOCITY

MASS WEIGHT

DENSITY ACCELERATION

TEMPERATURE FOORMENTUM ITP
TEFE

ENERGY

PEE nF
F

JO

STANDARD NOTATION FOR A VECTOR IN PRINTED TEXT WILLOFTEN
USE THE VECTOR'S NAME INBOLD FONT FOR HANDWRITTEN
WORK WE'LL USE AN ARROWOVER THEVECTOR'S NAME

F AVECTORNAMED F

THE MAGNITUDE OF AVECTOR IS SHOWN GRAPHICALLY BYTHE
SIZEOF THEARROW IN STANDARD NOTATION IN PRINTED TEXT IT
IS GIVEN BY THEVECTOR'S NAME IN ITALICS SYMBOLICALLY THE
MAGNITUDEOF A VECTOR ISFOUNDUSINGTHESAMENOTATIONAS AN ABSOLUTE
VALUE ABSOLUTEVALUEOF A NUMBERAND MAGNITUDEOF AVECTORCANBOTH
BETHOUGHTOFASA DISTANCEFROMTHEORIGIN SOTHIS NOTATIONMAKESSENSE

F FI THEMAGNITUDEOFVECTORF



BE
THESIMPLEST VECTOR CALCULATIONS CAN BE DONE WITH 1 D VECTORS
WHICH AREVECTORS SHARING THE SAMELINEOF ACTION THESEAREALSOCALLED

LINEAR VECTORS

YETEEFE.EE can BE ADDED
t.EEERtfEEInEEEEFFasTOFIND THE RESULTANTVECTOR R

A AND B SHOWNBELOW WECANUSE THE TIP TO TAIL TECHNIQUE

8 RE B
A

To ADDAANDB 1SIEYE1EEEYt its
2
ftp.YEIoFFRIMIFHEtA'ptEEFnt

VECTORSUBTRACTION

THE EASIESTWAY TO HANDLE VECTOR SUBTRACTION IS TO ADDTHENEGATIVE OFTHEVECTORYOU WANT TO SUBTRACTTHISWAY YOU CANSTILLUSE THE TIPTOTAIL TECHNIQUE

18

A
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B
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I EYETFAST 1 MULTIPLY B BY 1 TO FLIP ITS
DIRECTION 180
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2 si YItneYtoEit
3 ftp.YEIoFFEomIIEkEuEaFt

VECTOR MULTIPLICATIONBY ASCALAR
MULTIPLYINGORDIVIDING AVECTOR BY ASCALAR CHANGESTHEVECTOR'SMAGNITUDE
BUTRETAINS THEORIGINAL LINEOFACTIONMULTIPLYING AVECTORBY A NEGATIVE
SCALAR FLIPS THE DIRECTION OF THEVECTOR ROTATES IT 1807

I III I

2x ̅ ISTWICE THE
LET'SMULTIPLYAND MAGNITUDEOF x ̅ BUTHAS

OÉ Ah THE IETAGYNDE
DIVIDE x ̅BYSCALARS THESAMEDIRECTION FEPPE.BYYvERcfor'stEaRE541N

ONTHESAMELINEOFACTION
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WE WILLDESCRIBE2 3DIMENSIONALVECTORS USING CARTESIANS COORDINATES
INTWODIMENSIONS THECARTESIAN COORDINATESYSTEM HASTWO PERPENDICULAR
COORDINATE AXES TYPICALLY LABELED X ANDy

ya ya
b P a b

ELE.FR
To

FyORIGIN

a Tax Of Tax

POINT P HASCOORDINATES aib VECTOR F HASCOMPONENT
MAGNITUDES F ANDFy

THE MAGNITUDE OF A 2DIMENSIONAL VECTOR CAN BE FOUND
USING THE PYTHAGOREANTHEOREM

IF VFFJ
THE DIRECTION 0 OF A 2 DIMENSIONAL VECTOR CAN BE FOUND
USINGTHE TANGENT OF O

tan FYE

WECANEASILY EXTEND THE 2D COORDINATESYSTEMTO 3D BYADDING
A ZAXIS PERPENDICULAR TO BOTH THE X ANDYAXES

ITS CONVENIENT TO ASSIGN A CONVENTION FOR THE
ORIENTATION OF THE X Y AND Z AXES TO DOTHIS WE
USE THE RIGHTHANDRULI



Z USING THE FIRST THREEFINGERSOF
YOURRIGHTHAND AS PICTUREDYOU
CANDETERMINE THE APPROPRIATE
ORIENTATIONOF ARIGHTHANDED
COORDINATESYSTEM
YOU CANTWISTYOURHANDTO LINEUPTHE
COORDIATESYSTEMWITHANYGIVEN
POINTSVECTORS ETC

PICTURED YOUCANALSO RELABEL THEAXES ASLONG
ASTHEORDERSTAYSTHESAME

0
POINTS AND VECTORS ARE EXPRESSED SIMILARLY ASIN2D
WITHA THIRD COMPONENT REPRESENTING THEMAGNITUDEDISTANCE

ALONGTHE ZAXIS
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F FxFyFz



THE MAGNITUDE OF 3D VECTOR F IS

IF E Fy Fz

THE COORDINATE DIRECTION ANGLES ARE THE ANGLES THAT
É MAKESWITHEACHOFTHECOORDINATE AXES THEYCAN BE
FOUND USINGCOSINES

cost FF costs Ey cost FI
NOTE THAT Fx FyANDE CAN BE NEGATIVE BUT IF WILL

ALWAYS BE POSITIVE

SOMETIMES IT WILLBEMORECONVENIENTTO DESCRIBE A POINT OR
VECTORUSINGSPHERICAL COORDINATESFOREXAMPLE IMAGINEYOU ARE

STARGAZING ANDWANTTODESCRIBETHELOCATIONOF POLARIS THENORTHSTAR

OREBES fYppm

DISTANCE A 433LIGHTYEARS

N MY
CANVARY OVERTIME

WE CAN CONVERT ANY VECTOR A FROM SPHERICAL TO

RECTANGULARCOORDINATES ANDVICE VERSA USING
TRIGONOMETRY

A AxAyAz A AO 0

A IA VARTAHAT Ax Asinocoso
cos Ft Ay Asinococo

D cos.tl o Az Acos0
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AVECTORWITH AMAGNITUDE of 1 and no units

ANARROW THE unit FEB4th S Alon E.MEEiB fYEEEF
CARTESIAN COORDINATESYSTEMARE SO COMMON THEY'VE BEENGIVENTHEIR
OWN SYMBOLS J ANDK

YA WITHUNIT VECTORS WE CAN EXPRESS
AVECTOR F WITH COMPONENTSFx FyAND E AS

F Fit Fyj Ek8
ax

THE UNIT VECTOR F POINTS INTHE
SAMEDIRECTION AS F BUTHASA
MAGNITUDE OF 1

F EFF FEFFER
THISLOOKS VERYSIMILARTO OUREXPRESSIONSFORTHE

COORDINATE

DIRECTION ANGLES INFACTWECANWRITE

F COSα Cosβj costk

REMEMBERTHATMULTIPLYINGORDIVIDING AVECTOR BY ASCALAR CHANGES THE
VECTOR'SMAGNITUDEBUTRETAINS THE ORIGINAL LINEOFACTION

MAGNITUDE DIRECTION_F F F
MAGNITUDE DIRECTION

ONEWAYTOTHINK
ABOUT UNITVECTORS

To 5 111 It fnfff.MY1fffEEch0N



UNIT VECTORS ARE TYPICALLY THE
BEST WAY TO DEAL

WITH FORCES AND DISTANCES IN THREE
DIMENSIONS

FOR EXAMPLE IF WE KNOW THE LOCATION OF TWO POINTS A B
ONTHELINEOFACTIONOFFORCE F THENWECANUSE A UNIT VECTOR
TODETERMINETHE COMPONENTS OF F HERE'SHOW

ya

to FB
ABT A Ax Ay Az

B B BxByBz
x

z

O DRAW A GOOD DIAGRAM ASSHOWNABOVE

1
VECTOR AB

DISPLACEMENT

AB Bx Ax ByAy j BzAzK
OR WRITE OUT THE DISPLACEMENTS DIRECTLY

AB Ax Bx Ax
ABy Ay By Ay
ABz AZ Bz Az

AB ABx AByJ ABIK



2 FIND THE DISTANCE BETWEEN POINTS A AND B
THIS IS ALSO THE MAGNITUDE OF THE DISPLACEMENT

VECTOR AB
IAB ABx AB AB

3 FIND THE UNITVECTOR AB THIS IS A UNITLESS VECTOR
WITH A MAGNITUDE OF 1 THATPOINTS FROM A TO B

AB FEET FEEFEE
4 FINALLY MULTIPLYTHE MAGNITUDEOF THEFORCE FAB BY
THEUNIT VECTOR AB TO GET THE FORCEVECTOR FAB

FAB FABAB

TIPS FOR WORKINGWITH UNIT VECTORS

THE SIGNS OF THE UNIT VECTOR COMPONENTS
SHOULD MATCH THESIGNS OF THE RESPECTIVE
COMPONENTS OF THE ORIGINALVECTOR

COMPONENTS OF A UNIT VECTOR MUST BE BETWEEN

1 AND 1


